Objective: to examine the clinical risk index for babies (CRIB) predictive value for hospital death; to identify the score variable with the best predictive value and to compare CRIB score capability to predict hospital mortality to birth weight, gestational age and base excess.
Introdução
The analysis of preterm infants' survival perspective is certainly the cause of great concern among the professionals responsible for newborns admitted to a neonatal ICU. 1, 2 Appropriate and qualified medical service as well as availability of resources are essential during neonatal care, especially when preterm infants presenting birthweight lower than 1,500 grams or gestational age lower than 31 weeks are involved. 1 Preterm infants constitute a unique group for the assessment of neonatal ICU performance due to their high mortality risk. 1 Some assessment scores have been suggested with the objective of analyzing the survival perspective and the quality of life of preterm infants and, among these scores, we have the Clinical Risk Index for Babies (CRIB). 1 It is a score that assesses the initial clinical severity in preterm infants based on birthweight, gestational age, congenital malformation, base excess and fraction of inspired oxygen (Table 1) . This score was designed by the International Neonatal Network in the United Kingdom in 1993, and it is useful to measure the risk of hospital mortality. 1 The objectives of this study were: -to assess the predictive value of CRIB for hospital mortality in the city of Curitiba; -to identify the score variable with the best predictive value; -to compare the ability of CRIB score, gestational age and birthweight in order to predict hospital mortality.
Methods
This study was developed as a prospective, descriptive and observational method, including preterm infants admitted to Neonatal ICU of Hospital das Clínicas of Universidade Federal do Paraná, between May 1, 1998 and June 11, 1999. The inclusion criteria were those recommended by the International Neonatal Network 1 , as follows: birthweight < 1,500g or gestational age lower than 31 weeks. Newborns presenting malformations incompatible with life (anencephaly, trisomy 18 and renal agenesis) were excluded from the study. 1 Patients transferred from other units were not included.
Each CRIB score variable has a predetermined numerical value that varies according to severity (Table 1) . Once the total value of these items is defined, the patients are classified into four levels: level 1 for scores from 0 to 5, level 2 from 6 to 10, level 3 from 11 to 15, and level 4 for scores higher than 15. CRIB score was applied during the first 12 hours of life, based on patients' clinical evolution. The maximum values of FiO 2 and the highest value of BE, obtained by arterial blood gas analysis, were registered. A FiO 2 that could keep hemoglobin oxygen saturation between 90 and 96% according to the pulse oximeter was considered appropriate.
The definitive gestational age was estimated: 1) according to the last (chronological) menstruation, if the mother had regular menstrual cycles and was not using oral contraceptive pills at the moment of conception; 2) according to the Ballard method, modified in order to include small for gestational age preterm infants, 2 if gestational chronology was not clear; or 3) according to ultrasonography, in case of uncertain chronological gestational age or if clinical examinations were not possible.
Each patient was followed up until hospital discharge, and the number of deaths was recorded.
Student's t test, Pearson's chi-square test and Fischer's exact test were used to analyze the data. The analysis of specificity and sensitivity of the studied variables for mortality prediction was carried out through ROC curves, and the areas under the curves were compared through Hanley and McNeil's method 3 in order to define the differences with statistical significance. This study was approved by the Committee of Ethics of Hospital das Clínicas -Universidade Federal do Paraná.
Results
Six hundred twenty newborns were admitted during the study period. Among these, 100 met the inclusion criteria, participating in the study. Fifty-five newborns were females, and 45 were males.
The mean birthweight and gestational age among the patients who died and the ones who survived, as well as the respective standard deviations, and minimal and maximal values, are shown in Table 2 .
Nine percent of the patients presented congenital malformations.
The hospital mortality rate was 21.0%. The mean CRIB score was 4.0 ± 4.6, with a median of 2.0 and a variation from 0 to 19. The newborns were divided into 4 levels according to severity, as recommended by the authors of CRIB, 1 and the mortality rate corresponding to each level was compared, which resulted in a statistically significant linear association (Table 3) . CRIB score for predicting neonatal mortality risk -Sarquis ALF et alii Figure 1 shows the ROC curve of CRIB score. The value under the curve was 0.877 (95%CI: 0.797 -0.934) with a standard error of 0.051. The curve is deviated upwards and to the right, so that it is located in the upper right corner of the graph. This means that, as sensitivity decreases, it is not followed by loss of specificity. Therefore, CRIB turns out to be a reliable discriminative test.
Discussion
Considering the medical care of newborns admitted to a Neonatal Unit, preterm newborns, especially those big for gestational age, require greater attention. Clearly, the survival perspective of these patients does not rely only on the quality and intensity of the available neonatal care, but also on the immaturity level and birthweight. 5 A mortality rate of 21.0% was detected. This result is compatible with national and international studies, provided that the study population and the applied therapeutic measures are similar. [6] [7] [8] The values under the ROC curve, standard errors and CI (95%) of CRIB score, BE variables, birthweight and gestational age are shown in Table 4 . We observed that the highest value of the area under the ROC curve was that of CRIB score, followed by BE, birthweight and gestational age, respectively. The isolated assessment of the variables that constitute CRIB score revealed that BE presented a predictive value for hospital mortality risk similar to the general score, whereas an isolated analysis of birthweight and gestational age showed a significantly lower hospital mortality risk. During this study, we verified that CRIB score was easily applied. This score is practical, since it uses variables that are part of the routine care of preterm newborns, and also because they are quickly obtained. CRIB score can be easily reproduced, avoiding interpretation errors due to individual subjectivity.
The quantitative expression of CRIB score as a mortality predictor was assessed through the area occupied by the curve on the graph. Thus, CRIB score confirmed its ability to predict hospital mortality, with an area of 0.877 under the ROC curve. This result is very similar to the study that originated it, in which the result was 0.90, 1 and also similar to other studies: 0.83 in the Scottish Neonatal Consultants' Study Group and International Neonatal Network; 9 0.89 in the study carried out by Rautonen et al.; 10 0.90 in the study by Bastos et al.; 9 0.93 in the study by Baumer et al. 2 and 0.90 in the study by Matsuoka et al. 8 The results of the comparative analysis between the four levels of CRIB score for hospital mortality are in conformity with those proposed in the original study; that is, the higher the score, the higher the mortality. There was a significant relationship between the high levels of the score and the mortality of preterm newborns, especially when level 1 was compared to the other levels. Similar results were published in several international studies and in two national studies. 1, 2, 7, 8, 10, 12, 13 In the present study, a remarkable aspect is that only one level 3 patient survived, and all level 4 patients died. These groups deserve special attention, since greater efforts are necessary to reduce their mortality rate. These results are comparable to the ones obtained in the national literature; 7, 8 however, in the study that originated CRIB score, the mortality of patients with scores higher than 10 did not reach 80.0%. 8 The quantitative expression of each variable as a mortality predictor can be assessed through the area occupied by each curve on the graph. 3 Therefore, CRIB score showed significant superiority if compared to gestational age and birthweight. In this study, we verified that gestational age and birthweight should be replaced with a set of variables that also takes into consideration the assessment of clinical and laboratory severity of newborns in the first 12 hours of life. This result is in agreement with the data reported in the literature. 1,2,9,12,13 Zullini et al. 7 , on the other hand, stated that the predictive efficacy of isolated birthweight was similar to the that of CRIB score, with areas of 0.810 and 0.800 under the ROC curve, respectively. The predictive power of CRIB score in the study conducted by Matsuoka et al. 8 defined by the area under the ROC curve was 0.900, whereas the predictive power of birthweight was 0.830.
Among the CRIB score variables, the maximum BE during the first 12 hours of life was the best predictor of hospital mortality, with an area of 0.795 under the ROC curve. The base excess observed during the first hours of life can be considered as a nonspecific indicator of acid buildup, which might be a sign of severe physiological instability at birth. Therefore, this could indirectly indicate inappropriate tissue perfusion and oxygenation. Considering this, it is possible to infer that the better predictive power of BE to define hospital mortality, when compared to birthweight and gestational age, shows the importance of considering the patient's clinical condition while assessing mortality risk. The power of BE as a mortality predictor in very low weight newborns was also reported by other authors, who developed a quantitative score to determine neonatal mortality risk at neonatal ICU admission. 14 Studies with adults have shown that blood base excess is an important variable for the resuscitation of patients with multiple traumas, and that its magnitude at hospital admission is significantly associated with the development of multiple organ failure and mortality. The results of a recent study about adults with traumatic injuries showed that the power of BE as a mortality predictor after ICU admission corresponded to an area of 0.710 under the ROC curve. 15 
